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PtWAN GROWTH HORMnire FDRMUTJVTTnw 
Field of Invention 

The present invention is directed to pharmaceutical 
formulations containing human growth hormone (hGH) and to methods 
for making and using such formulations. More particularly, this 
invention relates to such pharmaceutical formulations having 
increased stability in a lyophilized formulation and upon 
^constitution. The formulation is al so very stable during 
processing. Formulations are provided f or immediate, safe, 

effective therapeutic administration to human subjects. 

Background of rhe Invent*^ 

Human growth hormone (hHG) is secreted in the human pituitary. 
In its mature, form, it consists of 191 amino acids, has molecular 
weight of about 22,000, and thus is more than three times as large 
as insulin. This hormone Is a linear polypeptide containing two 
intrachain disulfide bridges. Until the advent of recombinant DMA 
technology. hGH could be obtained only by laborious extraction from 
a limited source- -the pituitary glands of human cadavers. The 
consequent scarcity of the substance limited its application to 
treatment of hypopituitary dwarfism even though it has been 
proposed to be effective in the treatment of burns, wound healing, 
dystrophy, bone knitting, diffuse gastric bleeding and 
pseudarthrosis. hGH can be produced in a recombinant host cell, in 
quantities which would be adequate to treat hypopituitary dwarfism 

and the other conditions for which it is effective. See. for 
example, U.S. Patent 4,342,832. 

The major biological effect of hGH is to promote growth. The 
organ systems affected include the skeleton, connective tissue, 
muscles, and viscera such as liver, intestine, and kidneys. Growth 
hormone exerts its action through interaction with specific 
receptors on cell membranes* 

Human growth hormone has been formulated in a variety of ways 
as shown in Table I. 
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In order that materials like hGH be provided to health care 
personnel an d patients, these materials must fae prepared 
pharmaceutical compositions. Such compositions must 
activity for appropriate pcrlods of cline -u-t ^ accepcabie ^ 
their own right to easy and rapid administration to Wans. and 
-st be readily aanufacturable . In ^ cases pharmaceutlcal 
formulations are provided in frozen or i„ lyophilized form In 
*i. ca Se , the composition must be thawed or reconstituted prior to 

10 r h rv ro " n or iyophiii2ed form is o f <- —* - malncain 

biochemical integrity and th e bioactivity of the medictnal 

condor " ^ C0mP0SitiOnS * — y °* 3-rage 

conditions, as it is recognized by those skilled i„ the art J e 

y ophiU 2ea preparations often maintain activity better than their 

^counterparts. Such lyophilized preparations are 

15 reconstituted prior to use bv rt,» ^ * 

. use by che addition of suitable 

pharmaceutical^ acceptable diluent<s> . such as sterile water for 
injection or sterile physiological saline solution, and the l ike 

Alternatively, the composition can be provided in liquid forffl 
appropriate for immediate use. Desirable is a l iqui d fo Llat oT 
20 which maintains its activity in long term storage 

Current formulation of hGH lose activity due to formaC , on Qf 

7 7* highSr ^ <—ro .ange) during formulation 

Processing as well as during storage and reconstitute. otW 
chemxcal changes, such as deaaidation and oxidation may also occur 
" upon storage. occur 

Prior to <Mkllll . ^ tav> n<>t ^ 
pr.v.»«„ s te ft-i.. Th. P „ bUm . „ s<>cia « d vla , ^ 
b.lng p„,eoc .re ooced 1„ o.„. . „,„„,.„-, n| . 
Biochemi st-^y o 478 (1937). WLk±&a 

'» It i a .„ „ bJecc o£ present ^ ^ 

««reg.«-fr.. fo™,!..!^ „ f „„„„ gtouI;b 

a + jM „ f lm . ntlo „ Is ^ ptovide a 

-hich ca„ be .er.soU*.,, £< „ pu^^ „ ^ ln , 

jet injector for subcutaneous injection. 
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A further object of the invention is to provide an hGH 
formulation with enhanced characteristics. 

A still further object of the invention is to provide an hGH 
formulation wherein no component is derived from animals e.g. 
natural albumin, thus avoiding possible contamination of the 
formulation with impurities. 

Other objects, features and characteristics of the present 
invention will become more apparent upon consideration of • the 
following description and the appended claims. 



Summary of the Invention 

Objects of this invention are accomplished by a 
pharmaceutical ly acceptable formulation comprising a 
pharmaceutical ly effective amount of human growth hormone, glycine, 
15 mannitol, and a buffer, said formulation having an hGH: glycine 

molar ratio of from 1:50 to 1:200. Advantageously the pH of the 
formulation is 4-8 adjusted with buffer, and the formulation has a 
purity level which is pharmaceutical ly acceptable . In another 
embodiment , the invention comprises a pharmaceutic ally effective 
20 amount of human growth hormone, glycine, mannitol, a buffer and a 

non- ionic surfactant, wherein said formulation is capable of 
undergoing processing and storage with substantially no dimer 
formation. The invention also comprises a method of stabilizing a 
formulation of human growth hormone comprising the steps of 
25 combining human growth hormone with glycine, mannitol and a buffer 

to make a pharmaceutical ly acceptable formulation, and wherein the 
molar ratio of human growth hormone: glycine is 1:50-200. The 
invention also includes a method of administering human growth 
hormone with an aerosol device or needleless injector gun, wherein 
the formulation, comprises human growth hormone , mannitol, glycine, 
a buffer, and a non- ionic surfactant. 



30 



35 



Description of the Figures 

Figure 1 is a plot of the first order rate constants for 

deamidation of hGH in solution , vs. pH. The rate constants were 
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determined by incubating hGH samples prepared at various pH values 
at either 25>C or 40-C. and curing the amount of deamidation 
occurring as a function of timm by quantitat;ive isoelectric 
focusing (IEF) gel electrophoresis. Thus the lower the pH the 
less deamidation occurs, with a minimum at about pH 6.0. A similar 
dependency occurs in the solid state, with ouch slower reaction 
races 



Figure 2 is a plot of the logarithm of the number of 2 m 
particles (as detected by a HIAC-Royco particle analyzer) vs pH 

for solutions of hGH before lyophilization. This figure shows that 
as the P H decreases from 8 to 6. the mount of aggregation, as 
measured by the number of. particles, increases. 

Figure 3 shows three chromatograms of reverse phase HPLC from 
three hGH samples buffered at pH valves 6.0. 6.5 and 7 2 and 
stored for 47 days at 40«C in the lyophilized state. They' show 
that as the pH is decreased (toward 6.0) a greater amount of 
"trailing peak" is formed. 

Figure 4 is a plot of the percent trailing band vs. P H. upon 
St ° rSge " elther 4 °* C « 60 ' C ** — Pl« -de at various P H 
values, and lyophilized. This graph shows in . quantitative form 
that lower pH values produce more trailing band upon storage 

Figure 5 describes the amount of uv light absorbed (or 
scattered) vs. wavelength for hGH made upon with three different 
concentrations of buffer, all at pH 7.4. The plots show that more 
scatter (i.e. aggregation) is present in samples at buffer 
concentrations lower than 5mM. 

Figure 6 is a plot of % dimer formed in lyophilized samples of 
hGH vs. time, upon storage at 40'C. The samples comprised of hGH 
prepared in mannitol alone (MANNIT0L) with a molar ratio 
hGH.mannitol 1:1100. or glycine alone (GLYCINE) with a glycine 
molar ration hCH.glycine 1:5540. or with a mixture of 
hGH:glycine:mannitol in a molar ratio of 1.100:1100 (loocLY) all 
samples had the same amount of sodium phosphate buffer (5 mM at pH 



WO 89/09614 



PCT/US89/01272 



Figure 7 is a plot of % dimer formed in lyophilized samples of 
hGH vs. time, upon storage at 40°C. The samples comprised of hCH 
prepared in varying mixtures of nannitol and glycine, with the same 
amount (5 nM) of sodium phosphate buffer at pH 7.4. The code for 
the various molar ratios of hGH: glycine :mannitol are 1:10:1100 
<10GLY). 1:100:1100 (100GLY) and 1:1000:1100 (100GLY). 

Figure 8A is a size exclusion chromatogram of growth hormone 
after nebulization from a standard aerosol nebulizer (Turret 
Brand™). The chromatogram shows that only about 33% of the growth 
hormone is present as intact monomer, the remainder being dimer, 
trimer and higher order aggregates. These results were confirmed 
by native polyacrylamide gel electrophoresis. Figure 8B is the 
size exclusion chromatogram of growth hormone after nebulization. 

in the same formulation as the figure above with the inclusion of 
15 polysorbate 80, 1%. This figure shows the lack of any aggregation 

occurring. Similar results were also obtained when poloxamer 188, 
1% was used instead of polysorbate 80. 
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Detailed Descripti on of the Invention 

The present invention is based upon the discovery that the 
inclusion of glycine and mannitol in a specific pharmaceutical^ 
acceptable, formulation of human growth hormone maintains the 
activity of hGH, and inhibits undesirable reactions that hGH 
undergoes during processing, reconstitution. and storage. As used 
herein, the term processing includes filtration, filling into vials 
and lyophilization. In a preferred embodiment, a non- ionic 
surfactant such as polysorbate 80 is added for reduced aggregation 
and denaturation. The invention is thus directed to such 
formulations, and to all associated formulations and to means for 
effectively stabilizing human growth' hormone. 

As used herein, the terms "human growth hormone" or "hGH" 
denote human growth hormone produced, for example, from natural 
source extraction and purification, and by recombinant cell culture 
systems. Its sequence and characteristics are set forth, for 
35 example, in Hormone Prugs . Gueriguian ec a±. . U.S. P. Convention, 
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RockvUle. MD (1982). The terms likewise cover biologically active 
human growth hormone equivalents; e.g., differing in one or more 

amino acid(s) in the overall sequence. Farther, the term, as used 
in this application are intended to cover substitution, deletion 
5 and insertion amino acid variants of hGH, or post translational 

modifications. Human growth hormone is generally produced by 

recombinant means. 

The formulation of the subject invention comprises: 
a) hGH 
10 b) Glycine 

c) Mannitol 

d) Buffer 

wherein the n,olar ratio of hGH: glycine is 1:50-200. advantageously 
1:75-125. and the molar ratio of hGHrmannitol is 1:700-3000 
15 advantageously 1:800-1500. m a preferred embodiment the buffer is 

a phosphate buffer and the molar ratio of hGH.phosphate buffer is 

1:50-250. advantageously 1:75-150. I„ mother embodiment a non- 
ionic surfactant is added to the formulation. Advantageously 
polysorbate 80 i» used, and the tt olar ratio of hGH : polysorbate 80 
Is 1:0.07-30, advantageously 1:0.1-10. 

In a preferred embodiment, the formulation of the subject 
invention comprises the following components at pH 7.4: 

JjiRredlent Quantity n ~ ^ . T „ Molar Ratio 

reconstitute on /„ r > 

1 

Glycine 0 34 



20 



25 r-hGH 1>0 



100 

Mannitol o n 

9 -° 1100 

NaH 2 P0 4 • H 2 0 0.18 



NaH 2 P0 4 • 12H 2 0 1.3 2 



30 Polysorbate 80 



0.20 



110 
3 



in general, the formulations of the subject invention may 
contain other components in amounts preferably not detracting from 
the preparation of stable forms and in amounts suitable for 
effective, safe pharmaceutical administration. 
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Suitable pH ranges, adjusted with buffer, for the preparation 
of the formulations hereof are from about 4 to about 8 
advantageously about 5 to about 8, most advantageously 7.4. rh e 
formulation pH should be less than 7.5 to reduce deamidatlon (see 
Figure 1). pH values below 7.0 result In particulate formation 
upon lyophilization (see Figure 2) . The aggregation is not related 
to deamidation. 

Storage of lyophilized r-hGH at 40 and 60'C resulted in 
Increased formation of a trailing peak by HPLC. This peak 
increased with lower pH values (see Figures 3 and 4). Consequently 
pH 7.4 is an advantageous pH. 

The molar ration of hGH: glycine is 1:50-200. advantageously 
1 : 75 - 125 , most advantageously 1 : 100 . Glycine greatly inhibits 
dimer formation when.it is added in these ratios. Ratios of 1:10 
15 and 1:1000 result is substantial dimer formation upon 

lyophilization. Glycine, which is a nonessential amino acid, has 
the formula NH 2 CH 2 COOH. In addition to glycine, an amino acid 
such as alanine or derivatives of such amino acids are used in the 
subject formulation. 

The molar ratio of hCH:mannitol is 1:700-2000, advantageously 
1:800-1500, and most advantageously 1:1100. a formulation 

containing mannitol as the sole bulking agent, results in greater 
aggregate and dimer formation than one containing a mixture of 
mannitol and glycine. As an alternative to mannitol. other sugars 
or sugar alcohols are used such as sucrose, maltose, fructose, 
lactose and the like. 

The preferred buffer is a phosphate buffer and the molar ratio 
of hGH:phosphate buffer is 1:50-250, advantageously 1:75-150. most 

advantageously 1:110. A buffer concentration greater than or equal 
to 2.5mM and less than 20mM is preferred, most advantageously 5- 
lOmtt (see Figure 5). In this concentration range of buffer, 
minimal aggregation occurs. Advantageously a sodium phosphate or 
tris buffer is used. 

The effect of using a mannitol-glycine mixture as the 

35 lyophilization bulking matrix is compared with using either 
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mannitol alone, or glycine alone in Figures 6 and 7 . All saaples 

were buffered with 5 mM sodium phosphate buffer. pH 7.4 These 
figures are plots of the influence of bulking matrix on the 
formation of dimer over time, at a storage temperature of AO'C. 

Figure .6 demonstrates that a molar ratio of 
hGH:glycine:mannitol of 1:100:1100 results in the formation of less 
dimer upon storage, than either mannitol alone of glycine alone. 

The importance of the molar ratio of hGH to glycine is shown 
in Figure 7, wherein the hGH:mannitol molar ratio is fixed at 
1:1100. and the hGH:glycine molar ratio is varied from 1:10, 1:100, 
1:1000. The least amount of dimer forms i„ t he sample which has an 
hGH:glycine molar ration of 1:100. More dimer is formed in the 
other two cases. 

The formulation of the subject invention may optionally 
xnclude one of several types of non- ionic surfactants, such as the 
polysorbates (e.g. polysorbate 20,80, etc.) and the poloxamers 

(e.g. poloxamer 188). When polysorbate 80 is used the molar ratio 
of hGHrpolysorbate 80 is 1:0.07-30. advantageously 1:0.1-10 and 
most advantageously 1:3. On a weight to volume basis, polysorbate 
80 xs added in amount so of about 0.001 to abut 2% (v/v). in order 
to enhance further the stability of the hGH. Polysorbate 80 i„ 
concentrations above 0.01% <w/v) reduces the amount of aggregation 
forming upon lyophilization. In addition to improved shelf life 
the surfactant containing formulation of the subject invention 

inhibits the formation of protein aggregates when the reconstituted 
formulation Is shaken. 

other pharmaceutical^ acceptable excipients well known to 
those skilled in the art may also form a part of the subject 
compositions. These include, for example, various bulking agents 
additional buffering agents, chelating agents. antioxidants' 
preservatives, cosolvents, and the like; specific examples of these 
could include, trimethylamine salts ("Tris buffer"), and disodium 
edetate. In one embodiment, no proteins other than hGH are part of 
the formal ation. 
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In a further embodiment of this invention, the use of non- 
ionic surfactants permits che formulation to be exposed co shear 
surface stresses without causing denaturation of the protein. 
Further, such surfactant containing formulations, may be employed 
5 in aerosol devices such as those used in a pulmonary dosing, and 

needleless jet injector guns. 

In order to prevent surface induced denaturation of hGH that 
occurs during aerosolization of an hGH formulation concentrations 
of non- ionic surfactants in the range 0.1 - 5% <w/v) are used. 
10 Figure 8! shows the severe aggregation of hGH in a 

maimitol/phosphate buffer upon aerosolization. Only about 30% of 
the protein is present as intact monomer. The remainder has formed 
dimer. trimer and higher order aggregates. The formation of 
aggregates was eliminated as shown in Figure 8B which was obtained 
15 from a sample after aerosolization of the hGh in a mannitol 

phosphate buffer, containing 1% polysorbate 80. 

A "pharmaceutically effective amount" of hGH refers to that 
amount which provides therapeutic effect in various administration 
regimens. The compositions hereof may be prepared containing 
amounts of hGH at least about 0.1 mg/ml. upwards of about 10/mg/ml. 
preferably from about 1 mg/ml co about 5 mg/ml. For use of these 

compositions in administration to. human patients suffering from 
hypopituitary dwarfism, for example; these compositions may contain 
from about 0.1 mg/ml to about 10 mg/ml. corresponding to the 
currently contemplated dosage rate for such treatment. 

The formulations are prepared in general by combining the 
components using generally available pharmaceutical combining 
techniques, known per se. A particular method for preparing a 
pharmaceutical formulation of hGH hereof comprises employing hGH 
purified according to any standard protein purification scheme. 

EXPERIMENTAL 

A. Formulation pr eparation 

A solution of protein in the final formulation is prepared by 
buffer exchange on a gel filtration column. The elution buffer 
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contains 8 lyo lne , Baialtol , bu(fer and ^ i<)nic surfactanc 
che lt fine! ratios. Tbe concentration o£ pc „ eln u 

by dilution „ f «, ls suiting sol „ ton M # 

concentration. 



The solution is sterile fll tere<i. „„ «„ „. 
several weeks at 5'c. or mied i„ to sterile vials and fr.. se . arIed 
using an appropriate lyophilization cycle. 



B - Analytic al Mf»rh»H«= 
10 Quantitative isoelectric focusing e>1 el.ccropn.r.sl. .„ use* 

to determine the rate of de.mid.tion of „CH. by »..s„ r .„ ent of the 
acidic material forming with time. 

~r" d P "" e hl8h P " f ° r - a "« chromatography 

15 L"" " f ° UOW degI * d " 1 °° »f W witl 

time. The methoo e^ioy.., . „ lum <4 _, „ ^ ^ ^ 

mobile ph .se compose* of 60:40 „„. r ct> „ 
trifluoro.cetic acid: „.u„ lttilt . cont.inij 

trifluoroacetic acid, which was ramped to 30:70 ..t.r:.c.c„itrile 
•c I. per „i nuce . Detection was made by UV absorbance 

eel permeation chrom.tcgr.pny (OPC, w. s ..pi „ t( , 
- ,u«tit.t. ^ r ■« bigner order .g^, tto „ Bon ^ 

with a pH 7 buffer containing ISO™ sodium chloride. „ 
performed by uv absorbance. . °«<*«io„ w.s 

HIAC-Royco p„tlol. sir. .„ lysls ^ „ 

si,. „d distribution of reconstituted solutions of hCH by Laos of 
a light blockage technique. * 
UV scans were used to measure both the concentration of the 
protein, and absorbance due to scatter (i.e. aggregation) 

While the invention has been described in what is considered 
to be its preferred events, it U not to be li^ed to the 
disclosed embodiments, but on the contrary. Is lnCended ^ ] 
various modifications and equivalent foliations included within 
Che spirit and scope of the appended claitns . ^ ich scepe ^ ^ ^ 
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accorded the broadest: interpretation so as to encompass all such 
modifications and equivalent formulations. 
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What is Claimed is: 

1. A stabilized pharmaceutically acceptable formulation of human 
growth hormone comprising: 

a) human growth hormone, 
5 b) glycine , 

c) mannitol, and 

d) a buffer 

wherein the molar ratio of human growth hormone : glycine is 1-so 
200. 

10 2. A formulation as in Claim 1 having a pH of 4-8. 

3. A formulation as in Claim 1 wherein said buffer is a phosphate 
buffer . 

4. A formulation as In Clatn 1 wherein said buffer is a tris 
buffer. 

15 5. A formulation as in Claim Therein the molar ratio of 

hGHrmannitol is 1:700-3000. 
| 6. a formulation as in Claim 3 wherein the molar ratio of 

f hGHrphosphate buffer is l:50-25O. 

7. A formulation as in Claim 1 wherein said human growth hormone 
20 i s met-hGH. 

8. A formulation as in Claim 1 additionally comprising a 
pharmaceutically acceptable diluent. 

9. A formulation as in Claim 1 which is dimer free. 

10. A formulation as in claim 1 additionally comprising a 
25 pharmaceutically acceptable non- ionic surfactant. 

11. A formulation as in Claim 10 wherein the non- ionic surfactant 
is polysorbate 80. 

12. A formulation as in Claim 11 wherein the molar ratio of 

hGH: polysorbate 80 is 1:0.7-30. 

30 13. A method of stabilizing a formulation of human growth hormone 

comprising the steps of: 

combining human growth hormone with glycine, mannitol and a 
buffer to make a pharmaceutically acceptable formulation and 
wherein the molar ratio of human growth hormone : glycine is 'l-50- 
35 200. 
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14. A method as in Claim 13 wherein said combining step further 
comprises including a pharmaceutically acceptable non- ionic 
surfactant. 

15. A method as in Claim 14 wherein said surfactant is polysorbate 
80. 

16. A method as in Claim 13 wherein said formulation has a pH of 
4-8. 

17. A method as in claim 13 wherein the molar ratio of 
hGH:mannitol is 1:700-3000. 

18. A method as in claim 13 wherein said human growth hormone is 
met-hGH. 

19. A method as in Claim 13 wherein said buffer is a phosphate 
buffer. 

20. A stabilized pharmaceutically acceptable formulation of human 
growth hormone comprising a pharmaceutically effective amount of 
human growth hormone, glycine, mannitol, a buffer, and a non- ionic 
surfactant wherein said formulation is capable of undergoing 
processing and storage with substantially no dimer formation. 

21. A formulation as in Claim 20 wherein said buffer is a 
20 phosphate buffer. 

22. A formulation as in Claim 20 wherein said non- ionic surfactant 

Is polysorbate 80. 

23. A method of administering human growth hormone comprising the 
steps of: 

25 administering a formulation with an aerosol device 

needleless injector gun, wherein the formulation comprises 

a) human growth hormone, 

b) mannitol, 

c) glycine, 
30 d) a buffer, and 

e) a non- ionic surfactant. 

24. A method as in claim 23 wherein said non- ionic surfactant is a 
polysorbate or a poloxamer. 



or 



WO 89/09614 



PCT/US89/01272 



1 /6 




THIS PAGE BLANK (uspto) 



WO 89/09614 



PCT/US89/01272 



2/6 

FIG. 2 
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